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1
LIGHTING MODULE AND OPTICAL FIBER
LIGHTING DEVICE USING THE SAME

This application claims the benefit of U.S. provisional
application Ser. No. 61/846,116, filed Jul. 15, 2013, the dis-
closure of which is incorporated by reference herein in its
entirety.

TECHNICAL FIELD

The disclosure relates in general to a lighting module, and
more particularly to an optical fiber lighting device using that
lighting module.

BACKGROUND

For many lighting device utilizing optical fiber, in particu-
lar for endoscopy, microscopy and medical headlamps, light-
ing module with high lumen output as well as high brightness
are necessary. Traditionally, Xenon short-arc discharge lamps
with power input of several 100 W, embedded in optical
reflectors, have been used. Due to the relatively high input
power, limited lifetime with shifting luminous properties and
adverse thermal impact on illuminated targets, there has been
growing demand for alternative, more energy efficient light
sources.

SUMMARY

The disclosure is directed to a lighting module and an
optical fiber lighting device using the same. The lighting
module includes two light sources and can provide suffi-
ciently bright illumination light inputting optical fiber.

According to one embodiment, a lighting module is pro-
vided. The lighting module comprises a first light source, a
second light source and a phosphor element. The first light
source emits a first exciting light. The second light source
emits a second exciting light. The phosphor element converts
the first exciting light and the second exciting light to an
emission light. The first exciting light and the second exciting
light are input to the phosphor element in different directions
of incidence.

According to another embodiment, an optical fiber lighting
device is provided. The optical fiber lighting device com-
prises a first light source, a second light source, a phosphor
element, an optical fiber and a mixing chamber. The first light
source emits a first exciting light. The second light source
emits a second exciting light. The phosphor element converts
the first exciting light and the second exciting light to an
emission light. The first exciting light and the second exciting
light are input to the phosphor element in different directions
of'incidence. The optical fiber is disposed above the phosphor
element and receives the first exciting light, the second excit-
ing light and the emission light. The mixing chamber is dis-
posed between the optical fiber and the phosphor element and
is for mixing and guiding the first exciting light, the second
exciting light and the emission light.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an optical fiber lighting device according to a
first embodiment.

FIG. 2 shows an optical fiber lighting device according to a
second embodiment.

FIG. 3 shows an optical fiber lighting device according to a
third embodiment.
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2

FIG. 4 shows an optical fiber lighting device according to a
fourth embodiment.

FIG. 5 shows an optical fiber lighting device according to a
fifth embodiment.

FIGS. 6 A-6D show different beam patterns of the lighting
module according to embodiments.

FIGS. 7A-7B are graphs of flux of lighting module versus
current of LED, illustrating the lighting performance for
lighting module with different light sources.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

DETAILED DESCRIPTION
First Embodiment

Referring to FIG. 1, an optical fiber lighting device 10
according to a first embodiment is disclosed. The optical fiber
lighting device 10 comprises a first light source 100, a second
light source 200, a phosphor element 300, a mixture chamber
400 and an optical fiber 500. The first light source 100 emits
a first exciting light L1. The second light source 200 emits a
second exciting light L.2. The phosphor element 300 can
convert the first exciting light .1 and the second exciting light
L2 to an emission light 3. The remaining portion of the first
and second exciting light I.1,1.2 and the emission light [.3 are
mixed in the mixing chamber 400, being guided to an
entrance 510 of the optical fiber 500 and thus emit from the
exit 520 of the optical fiber 500.

As shown in FIG. 1, the first light source 100 and the
second light source 200 are disposed at opposite sides of the
phosphor element 300. The first light source 100 is disposed
below the phosphor element 300, and the second light source
200 are disposed above the phosphor element 300. The first
light source 100 and the second light source 200 can be the
same or different. For example, the first light source 100 and
the second light source 200 can be cold light such as LED
(light emitting diode) or LD (laser diode). Comparing to
traditional hot light Xenon lamp, the LED and LD have lower
input power and heat release, longer lifetime and can be easily
dimmer by PWM or other technique. In present embodiment,
the first light source is a LED array including a substrate 110
and a plurality of LEDs 120, wherein the LEDs 120 are
disposed on the substrate 110 at a pitch. The second light
source 200 in present embodiment is two LD units, each
includes a LD 210. LD210 may be combined with a lens 220
for adjusting the divergent angle of the LD 210. The number
ofthe LD units are not limited there to. In some embodiments,
the second light source 200 could be only one L.D unit or more
than 3 LD units.

As shown in FIG. 1, the phosphor element 300 is disposed
between the first light source 100 and the second light source
200. The phosphor element 300 includes different types of
phosphors, which are mixed with a resin, and the bottom
surface 310 of the phosphor element 300 is attached the first
light source 100. In other embodiment, the phosphor element
300 and the first light source 100 can be spaced apart at an
interval. The phosphor element 300 emits different types of
fluorescences in accordance with the reception of the first
exciting light .1 and the second exciting light [.2. These types
of fluorescences combine to become an emission light [.3-.
Emission light .3 may combine the remain portion of the first
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exciting light [.1 and the second exciting light 1.2 to become
the white light. In present embodiment, the first exciting light
L1 and the second exciting light [.2 input to the phosphor
element 300 through different directions of incidence. That is,
the first exciting light 1.1 inputs the phosphor element 300
through its bottom surface 310, and the second exciting light
L2 inputs the phosphor element 300 through its top surface
320. Thus, the phosphors inside the phosphor element 300
can receive more exciting light before it reaching saturated
absorption, thereby improving the illuminance of the emis-
sion light [.3.

As shown in FIG. 1, the mixing chamber 400 is a region
located between the phosphor element 300 and the optical
fiber 500. Generally, the phosphor element 300 is hard to
convert all the first exciting light [.1 and all the second excit-
ing light [.2 to the emission light [.3. The remaining portion of
the first exciting light [.1, the remaining portion of the second
exciting light 1.2 and the emission light 1.3 are mixing at the
mixing chamber 400 and then guided to the entrance 510 of
optical fiber 500. The mixing chamber 400 can be defined by
the frame 600, which prevents the light leaks on the optical
fiber lighting device 10.

As shown in FIG. 1, the entrance 510 of the optical fiber
500 faces the top surface 320 of the phosphor element 300, so
as to receive the most part of first exciting light .1, second
exciting light [.2 and emission light L.3. In present embodi-
ment, the cross section area of the optical fiber 500 is sub-
stantial equal to the area of phosphor element 300, but is not
limited thereto. In some embodiments, the area of phosphor
element 300 can be larger or smaller than the cross section
area of the optical fiber 500.

In present embodiment, the phosphor element 300 is
excited by two different light sources from different direc-
tions, so the lighting efficiency and the luminous flux (Im) of
the phosphor element 300 are improved. Therefore, the light-
ing module of the optical fiber lighting device 10 has higher
luminous flux (Im), and the optical fiber lighting device 10
can provide brighter illumination (Ix) light.

Second Embodiment

Referring to FIG. 2, an optical fiber lighting device 20
according to a second embodiment is disclosed. The optical
fiber lighting device 20 is similar to optical fiber lighting
device 10 in FIG. 1, so the similarities shall be omitted herein.
A difference of the second embodiment from the first embodi-
ment is that, the first light source 100 and the second light
source 200 are disposed on the same side of the phosphor
element 300.

As shown in FIG. 2, the first light source 100 and the
second light source 200 are disposed below the phosphor
element 300. The first light source 100 is attached to the
phosphor element 300, and the second light source 200 sur-
rounds the phosphor element 300. It is note that the numbers
of'the second light source 200 are not limited to two LD units
in this embodiment. In some embodiments, the second light
source 200 could be only one LD unit or more than 3 LD units.

Moreover, the frame 600 is used for reflecting mask in FIG.
2, wherein the second exciting light [.2 from the second light
sources 200 are reflected at the frame 600 and then being
guided to the top surface 320 of the phosphor element 300.
That is, even if the first light sources 100 and the second light
sources 200 are disposed at the same side, the first exciting
light 1.1 and the second exciting light 1.2 still input to the
phosphor element 300 through different directions of inci-
dence, wherein the first exciting light 1 inputs the phosphor
element 300 through its bottom surface 310, and the second
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exciting light .2 inputs the phosphor element 300 through its
top surface 320. In addition to reflecting the second exciting
light 1.2, the frame 600 keeps the function of defining the
mixing chamber 400 and preventing the light leaks.

Third Embodiment

Referring to FIG. 3, an optical fiber lighting device 30
according to a third embodiment is disclosed. The optical
fiber lighting device 30 is similar to optical fiber lighting
device 10 in FIG. 1, so the similarities shall be omitted herein.
A difference of the third embodiment from the first embodi-
ment is that, the second light sources 200 are disposed on the
lateral side of the phosphor element 300.

As shown in FIG. 3, the second light source 200 (two LD
units) are parallelly disposed at two different lateral sides of
the phosphor element 300.

The first exciting light L1 inputs the phosphor element 300
through the bottom surface 310, and the second exciting light
L2 inputs the phosphor element 300 through the lateral sur-
face 330 being adjoining to and perpendicular to the bottom
surface 310. Thus, the first exciting light L1 and the second
exciting light 1.2 still input to the phosphor element 300
through different directions of incidence, so as to increase the
irradiated area of the phosphor element 300.

It is noted that the number of the second light source 200
are not limited to two LD units. In other embodiment, the
second light source 200 could be only one LD unit or more
than 3 LD units.

Fourth Embodiment

Referring to FIG. 4, an optical fiber lighting device 40
according to a fourth embodiment is disclosed. The optical
fiber lighting device 40 is similar to optical fiber lighting
device 10 in FIG. 1, so the similarities shall be omitted herein.
A difference of the fourth embodiment from the first embodi-
ment is that, the optical fiber light device 40 in fourth embodi-
ment further comprises a light guide plate 700.

As shown in FIG. 4, the light guide plate 700 is disposed
above and attached the phosphor element 300, and the second
light source 200 (two LD units) are parallelly disposed at two
different lateral sides of the light guide plate 700. The second
exciting light 1.2 is first passed through the light guide plate
700, being transmitted through the light guide plate 700 by
means of total internal reflection, and then being transported
to the top surface 320 of the phosphor element 300. That is,
the light guide plate 700 distributes the second exciting light
L2 to the phosphor element 300, so as to increase the irradi-
ated area of the phosphor element 300.

It is noted that the first exciting light .1 and the second
exciting light 1.2 still input to the phosphor element 300
through different directions of incidence, and the number of
the second light source 200 are not limited to two LD units.

Fifth Embodiment

Referring to FIG. 5, an optical fiber lighting device 50
according to a fifth embodiment is disclosed. The optical fiber
lighting device 50 is similar to optical fiber lighting device 10
in FIG. 1, so the similarities shall be omitted herein. A differ-
ence of the fifth embodiment from the first embodiment is
that, the optical fiber light device 50 in the fifth embodiment
further comprises a lens 800.

As shown in FIG. 5, lens 800 is disposed above and
attached the phosphor element 300. Lens 800 guides the
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second exciting light 1.2 into the phosphor element 300, so as
to increase the irradiated area of the phosphor element 300.

In present embodiment, the second light source 200 and the
first light source 100 are disposed at opposite sides of the
phosphor element 300. In some embodiment, the second light
source 200 and the first light source 100 can be disposed at the
same side of the phosphor element 300. That is, the arrange-
ment of second light source 200 in the second embodiment
(FIG. 2) and lens 800 in present embodiment can be com-
bined, and the disclosure is not limited to single embodiment.

As described above, the first exciting light L1 and the
second exciting .2 inputs the phosphor element 300 through
different directions of incidence. Thus, the irradiated area of
the phosphor element 300 by the first exciting light .1 and the
second exciting light .2 are different. By adjusting the irra-
diated area by different exciting lights [.1, [.2 (called “beam
pattern” herein), the illumination of the emission light .3 can
be improved. FIGS. 6A to 6D shown different beam patterns
according to the embodiments.

FIG. 6A is top view of the phosphor element 300 according
to an embodiment, which shows the beam pattern of second
exciting light [.2. The first light source (not shown) is dis-
posed below and attached the phosphor element 300, so the
first exciting light (not shown) is evenly distributed to the
bottom surface of phosphor element 300. The second light
source 200, such as LD unit, has lower divergence angle (+2°
for example) than that of the first light source, so the second
exciting light [.2 has narrow irradiated area. The beam pattern
of second exciting light 1.2 is evenly distributed to the top
surface 320 of the phosphor element 300. Thus, much more
phosphors can be excited, and the illumination of the emis-
sion light [.3 can be improved.

In FIG. 6A, the second light source 200 includes 4 LD
units, and the beam pattern of the second exciting light .2 is
evenly distributed. It is noted that the number of the LD units
is not limited thereto. In other embodiment, second light
source 200 includes 8 LD units and the light emitting from
each LD unit may overlap. That is, beam patterns of different
LD units may overlap to each other, as shown in FIG. 6B.

In FIG. 6C, the first light source 100 is a plurality of LEDs.
The 16 LEDs 120 form a 4*4 LED array, and the two adjacent
LEDs is spaced apart at pitch P. In this embodiment, the beam
pattern of the second exciting light 1.2 is correspondingly
distributed to pitch P. That is, phosphors inside phosphor
element 300 and being located correspondingly to pitch P,
which was hard to receive the first exciting light .1 from LED
120, can be excited and emit light, thereby illumination of the
emission light .3 can be improved.

In FIG. 6D, phosphors in the phosphor element 300 are not
evenly distributed. Since optical fiber is easily to receive the
emission light from the center region 340 of the phosphor
element 300, so phosphors thickness in the center region 340
of the phosphor element 300 are designed to higher than that
in the peripheral region of the phosphor element 300. Thus,
the beam pattern of second exciting light 1.2 is mainly dis-
tributed in the center region 340 of the phosphor element 300
in order to excite more phosphors, thereby illumination of the
emission light .3 can be improved.

FIGS. 7A and 7B show the performance of the dual light
source lighting module according to the embodiment,
wherein FIG. 7A is a graph of flux verses current to LED for
the dual light source (16 LEDs array+4 LDs) and for the
single source (16 LEDs array) lighting module; FIG. 7B is a
graph of flux verses current to LED for the dual light source
(16 LEDs array+8 LDs) and for the single source (16 LEDs
array) lighting module. The dual light source and the single
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6

light source lighting modules use the same phosphor element,
and the LD and LED of the dual light source excite the same
phosphor element.

Please referring to FIG. 7A, the 16 LEDs array provides
about 1250 Im at current 2500 mA, and the 4 L.Ds produce
about extra 100 Im from the same phosphor element. It proves
that setting the extra second light source could excite more
phosphor than setting the single light source. In FIG. 7B, the
8 LDs produce about extra 150 Im from the phosphor element
excited by the 16 LEDs array. It should be realizes that the
above experimental data are embodiment, and the present
disclosures are not limited thereto.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of'the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. A lighting module, comprising:

a first light source for emitting a first exciting light;

a second light source for emitting a second exciting light;
and

a phosphor element for converting the first exciting light
and the second exciting light to an emission light,

wherein the first exciting light and the second exciting light
are input to the phosphor element in different directions
of incidence;

wherein the phosphor element has a bottom surface and a
top surface opposite to the bottom surface;

wherein the first exciting light is input to the phosphor
element through the bottom surface, and the second
exciting light is input to the phosphor element through
the top surface.

2. The lighting module according to claim 1, further com-

prising:

a reflecting mask for reflecting the second exciting light to
the top surface of the phosphor element.

3. The lighting module according to claim 1, further com-

prising:

a light guide plate for guiding the second exciting light to
the top surface of the phosphor element.

4. The lighting module according to claim 1, further com-

prising:

an optical fiber for receiving the first exciting light, the
second exciting light and the emission light, wherein the
optical fiber is disposed above the top surface of the
phosphor element.

5. The lighting module according to claim 4, wherein a
cross section area of the optical fiber is substantial equal to the
area of the phosphor element.

6. The lighting module according to claim 4, further com-
prising:

a lens for guiding the second exciting light to the top
surface of the phosphor element and the emission light to
the optical fiber.

7. The lighting module according to claim 1, wherein a
divergent angle of the first light source is larger than that of the
second light source.

8. The lighting module according to claim 7, wherein the
first light source is a plurality of LEDs, the second light
source is at least one LD, and the bottom surface of the
phosphor element is attached to the LEDs.

9. The lighting module according to claim 8, wherein a
beam pattern of the second exciting light is corresponding to
a pitch between the LED:s.
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10. The lighting module according to claim 8, wherein the
second light source comprises a plurality of LDs, and beam
patterns of different [.Ds are overlapped to each other.

11. The lighting module according to claim 1, wherein a
beam pattern of the first exciting light is different from that of
the second exciting light.

12. The lighting module according to claim 11, wherein a
phosphors thickness in the phosphor element is not evenly
distributed, the beam pattern of the first exciting light is
evenly distributed over the whole phosphor element, and the
beam pattern of the second exciting light is distributed over a
portion of the phosphor element having higher phosphors
thickness.

13. The lighting module according to claim 11, wherein the
beam pattern of the second exciting light overlaps that of the
first exciting light.

14. An optical fiber lighting device, comprising:

a first light source for emitting a first exciting light;

a second light source for emitting a second exciting light;

a phosphor element for converting the first exciting light

and the second exciting light to an emission light,
wherein the first exciting light and the second exciting
light are input to the phosphor element in different direc-
tions of incidence;

8

an optical fiber for receiving the first exciting light, the
second exciting light and the emission light, and the
optical fiber is disposed above the phosphor element;
and

a mixing chamber for mixing and guiding the first exciting
light, the second exciting light and the emission light,
and the mixing chamber is disposed between the optical
fiber and the phosphor element.

15. A lighting module, comprising:

a first light source for emitting a first exciting light;

a second light source for emitting a second exciting light;
and

a phosphor element for converting the first exciting light
and the second exciting light to an emission light,

wherein the first exciting light and the second exciting light
are input to the phosphor element in different directions
of incidence,

wherein the phosphor element has a bottom surface and a
lateral surface adjoining the bottom surface, and

wherein the first exciting light is input to the phosphor
element through the bottom surface, and the second
exciting light is input to the phosphor element through
the lateral surface.
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